information concerning its magnitude and sites of origin and termination.' -4 Similarly, when applied in the course of postoperative catheterization in patients in whom intracardiac communications have been closed, indicatordilution curves provide a sensitive index of the completeness of the repair. At the National Heart Institute, indicator-dilution curves are recorded not only during cardiac catheterization, but also in the operating room immediately following corrective operations performed in patients with intracardiac shunts. As demonstrated by Toscano-Barboza and his associates,5 such intraoperative curves furnish an immediate indication of the completeness of the repair; these authors also found that in 14 patients the presence or absence of a residual shunt, determined from intraoperative dye curves, correlated with the presence or absence of a residual defect at necropsy. It has not been previously determined, however, whether intraoperative indicator-dilution curves provide accurate information concerning the late results of operation. In the present study, intraoperative indicator-dilution curves were recorded and analyzed in 260 patients. The presence or absence of a circulatory shunt was also determined subsequently in every patient by cardiac catheterization in the late From the Clinic of Surgery and Cardiology Branch, National Heart Institute, Bethesda, Maryland.
Circulation, Volume XXXIII, February 1966 postoperative period, or by postmortem examination. The correlations between these intraoperative and postoperative findings are described in the report that follows.
Patients and Methods
Between January 1955 and June 1963, corrective operations were performed in 372 patients with congenital malformations associated with intracardiac shunts. From this group, 260 patients were selected for study, solely on the basis that technically satisfactory indicator-dilution curves had been recorded at the termination of the operative procedure, and that the presence or absence of a residual shunt had also been established at postoperative catheterization or necropsy. Postoperative cardiac catheterization was performed in the 234 surviving patients at an average interval of 28 weeks after operation. At postoperative study, the presence or absence of a residual or recurrent right-to-left or left-to-right shunt was determined in every patient by arterial indicatordilution curves, usually recorded after injections into the right side of the heart. Routinely, injections were made in the main pulmonary artery and the inferior vena cava, but when a residual communication permitted access to the left atrium or left ventricle, curves were recorded from these sites as well. In addition, the presence of any leftto-right shunt was determined in all patients by the application of inhaled nitrous oxide or krypton-85 tests, with pulmonary arterial or right ventricular sampling.6-9 Twenty-six patients died, and in them the completeness of the operative repair was determined at autopsy.
The general methods employed in recording the indicator-dilution curves at operation have previously been described in detail.3 Indocyanine green (1.25 mg./ml.) was utilized as the indicator except in early studies, which were performed with Evans-blue dye. The volume of dye ranged from 1 to 5 ml., depending upon the size of the patient and the injection site. For operation at a later time. This judgment will also be tempered by his opinion as to whether the residual shunt is occurring through the defect or defects that he has attempted to repair, or whether it may be due to another and previously unrecognized intracardiac communication. This latter possibility can often be determined by additional curves, recorded after injections at other sites.
The technics employed in recording intraoperative indicator-dilution curves are simple in principle, require little time, and the necessary instruments are neither elaborate nor expensive. At the time the present study was carried out, the photographic oscillograph utilized was not equipped with, a rapiddeveloping attachment, and the surgeon, of necessity, interpreted the curves as they were displayed on an oscilloscope. This immediate analysis, included in the surgeon's description of the operation, was compared to the later interpretation of the recorded curves, and in all but 12 patients was found to be correct. In each of these 12 patients, a small left-toright shunt was not appreciated. Thus, although oscilloscopic visualization of the densitometer output will generally provide valid information, immediate inspection of recorded curves, now possible with improved oscillographic systems, is preferable.
Some comment is necessary concerning the desirable sites of injection for determining the presence or absence of residual shunts at operation. Theoretically, any significant leftto-right shunt will be evident on a curve recorded after an injection into the main pulmonary artery. If, at the conclusion of the operation, normal arterial indicator-dilution curves are recorded after injections at appropriate sites, permanent abolition of the shunt can be expected in 98 per cent of patients, and such documentation of the operative result assumes appropriate significance. In patients with normal intraoperative curves, therefore, postoperative catheterization, merely to determine the presence or absence of a residual shunt, would seem unnecessary in the absence of clinical findings suggestive of a recurrent defect. Postoperative study may be indicated in such patients, however, when data regarding other postoperative hemodynamic changes are desirable, e.g., information concerning pulmonary vascular resistance, ventricular performance, or the results of treatment of associated stenotic or regurgitant valvular malformations. On the other hand, if intraoperative indicator-dilution curves indicate the presence of a residual shunt, it may be expected to persist in 80 per cent of surviving patients, in half of whom it will be of sufficient magnitude to indicate a second attempt at operative repair. A detailed postoperative study would seem mandatory, therefore, in every patient in whom abnormal intraoperative curves are recorded.
Summary
In 260 patients with intracardiac shunts, indicator-dilution curves were recorded immediately after corrective operations. In every patient, the effectiveness of the repair was also determined at late postoperative cardiac catheterization or necropsy. In 248 patients (96 per cent) the presence or absence of a shunt, determined from the intraoperative curves, was confirmed by the findings at postoperative study. The intraoperative curves were normal in 213 patients, 209 of whom had no residual communication at late evaluation; in four patients, the studies indicated initial complete correction followed by recurrence of the shunt. Abnormal 
